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(37) ABSTRACT

An apparatus 1s provided to improve clamping of a work piece
to a support surface. The apparatus includes a support base, an
isulator layer disposed on the support base, an electrode
layer disposed on the insulator layer, and a clamping layer
comprising aluminum oxynitride disposed on the electrode
layer wherein the workpiece 1s clamped to the surface of the
clamping layer. The apparatus provides a higher clamping
force for the workpiece while reducing gas leakage and par-
ticle levels 1n addition to maintaining a declamping time
suitable for high throughput processing. The apparatus may
turther provide a raised surface geometry or embossments on
the dielectric or a dielectric comprising an outer ring a center
cavity for reducing particle contamination to the backside of
the workpiece. Also, a thin wall sleeve may be provided
between the base and the insulator and alternating current
may be applied to opposite ones of interdigitated electrode
pairs to reduce particle contamination and improve the
implantation uniformity.

17 Claims, 12 Drawing Sheets
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CLAMP FOR USE IN PROCESSING
SEMICONDUCTOR WORKPIECES

RELATED APPLICATIONS

This application 1s a continuation-in-part of U.S. Ser. No.
11/101,832 filed Apr. 8, 2005, now abandoned entitled
“Clamp For Use In Processing Semiconductor Workpieces,”
the disclosure of which 1s hereby incorporated by reference.

This application claims priority under 35 U.S.C. § 119(¢e)
to U.S. Provisional Patent Application Ser. No. 60/560,912,
filed Apr. 9, 2004, entitled “Electrostatic Clamp For Use In
Processing Semiconductor Workpieces,” the disclosure of
which 1s hereby incorporated by reference.

BACKGROUND

In the fabrication of integrated circuits, a number of well-
established processes mvolve the application of 10n beams to
semiconductor walers in vacuum. These processes include,
for example, 1on implantation, 1on beam milling, and reactive
ion etching. In each instance, an 1on beam 1s generated 1n a
source and 1s directed with varying degrees of acceleration
toward a target waler. lon implantation has become a standard
technique for mtroducing conductivity altering impurities
into semiconductor waters. A desired impurity material 1s
1onized 1n an 10n source, the 1ons are accelerated to form an
ion beam of determined energy and 1s directed at the surface
ol a wafer. Energetic 10ns penetrate into the bulk of the semi-
conductor material becoming embedded in the crystalline
lattice of the semiconductor material to form a region of
desired conductivity.

The semiconductor wafer must be firmly clamped 1n a
position for ion implantation. A number of methods are
known in the art to clamp a water. One such technique
involves the application of electrostatic forces to firmly posi-
tion the water. A dielectric layer 1s positioned between the
semiconductor waler and electrodes, and insulated from a
support plate. Voltages of opposite polarities applied to pairs
of electrodes generate electrostatic forces firmly holding a
semiconductor waler against the dielectric layer.

It has been previously known that maternials, such as alu-
mina, sapphire, silicon carbide, aluminum nitride, and dia-
mond have been used as matenial for the dielectric layer.
Alumina 1s widely used material for the dielectric layer for its
cost and ready availability.

A transparent ceramic material has been disclosed 1n U.S.
Pat. Nos. 4,481,300;4,520,116;4,720,362;and 5,135,814. Its
optical transparency, as well as 1ts transmaissibility character-
istics 1n the ultraviolet, visible and infrared spectrums char-
acterizes this transparent ceramic material known as alumi-
num oxynitride. However, this matenal 1s used primarly for
military applications for windows, radar and inirared domes
to protect sensor packages on missiles and aircraft. Alumi-
num oxvnitride was not believed to be applicable for electro-
static clamps due the difficulty in processing aluminum
oxynitride powders and manufacturability of the very thin
dielectric layer, in addition to unknown technical perfor-
mance characteristics.

Problems associated with electrostatic clamps disclosed in
U.S. Pat. No. 6,388,861 include 1nsuificient waler clamping,
force, charging current damage to devices on the wafer, dii-
ficulty 1n making electrical contact to the semiconductor
waler, waler declamp time, and 1mnadequate transier of heat
from a semiconductor water work piece. Furthermore, cus-
tomer applications have 1dentified leakage of cooling gas into
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2

the process chamber, particles, dielectric withstand voltage,
and platen lifetime as being additional performance require-
ments.

SUMMARY OF THE INVENTION

It 1s the general object of this present invention to provide
improved methods and apparatus for clamping of a workpiece
to a support surface.

According to a first aspect of the invention, an apparatus
comprises a support base, an mnsulator layer disposed on the
support base, an electrode layer disposed on the insulator
layer, and a clamping layer comprising aluminum oxynitride
disposed on the electrode layer wherein the workpiece 1s
clamped to the surface of the clamping layer. The apparatus
provides a higher clamping force for the workpiece while
reducing gas leakage and particle levels 1n addition to main-
taining a declamping time suitable for high throughput pro-
cessing.

According to another aspect of the invention, an apparatus
comprises a support base, an nsulator layer disposed on the
support base, an electrode layer disposed on the insulator
layer, and a clamping layer comprising a dielectric layer and
a resilient material layer disposed on the electrode layer
wherein the workpiece 1s clamped to the surface of the clamp-
ing layer. The apparatus and configurations of the dielectric
and resilient layers further reduce backside particle genera-
tion while providing a high clamping force for the workpiece.

Another aspect of the present invention 1s directed to pro-
viding a raised surface geometry or embossments on the
dielectric layer of a clamp for lowering the gas leakage and
particle generation so that heat transier from the workpiece 1s
improved.

Another aspect of the present invention provides a dielec-
tric comprised of an outer ring and a center cavity such that a
workpiece 1s only disposed on the outer ring. By reducing the
contact between the dielectric and the workpiece, particle
contamination 1s reduced on the backside of the workpiece.

In yet another aspect of the present invention, a thin wall
sleeve 1s provided between the insulator and the base so that
bowing of the dielectric 1s minimized and a more uniform
implantation 1s realized.

In a further aspect of the present invention, alternating
current 1s applied to opposite ones of interdigitated electrodes
so that relative motion between the workpiece and the dielec-
tric 1s limited and particle contamination 1s minimized.

It 1s another object of this present invention to provide
improved methods and apparatus for electrostatic or
mechanical semiconductor waler clamping.

A further object of this present invention 1s to provide an
clectrostatic clamping apparatus with a high withstand volt-
age Tor the use with semiconductor waters.

An additional object of this mmvention 1s to provide an
clectrostatic clamping apparatus with low particle genera-
tion.

Another object of this mvention 1s to provide an electro-
static clamping apparatus with a flat surface for zero degree
implants.

It 1s another object of this invention 1s to provide an elec-
trostatic clamping apparatus which controls the leakage of
cooling gas into the 1on implanter process chamber.

Yet another object of this present invention 1s to provide an
clectrostatic clamping apparatus with longer lifetime.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention together
with other and further objects, advantages and capabilities
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thereot, reference 1s made to the accompanying drawings
which are incorporated herein by reference:

FIGS. 1(a) and 1(b) 1llustrate cross sectional and top views
respectively of an aluminum oxynitride clamp according to
an embodiment of the present invention;

FIGS. 2(a) and 2(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric ring with a resilient
center according to another embodiment of the present inven-
tion;

FIGS. 3(a) and 3(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric ring with a resilient
center according to a further embodiment of the present
imnvention;

FIGS. 4(a) and 4(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric layer and a resilient
layer according to another embodiment of the present imnven-
tion;

FIGS. 5(a) and 5(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric layer having a
plurality of protrusions and resilient layers according to a
turther embodiment of the present invention;

FIGS. 6(a) and 6(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric layer having a
plurality of protrusions and resilient layers according to
another embodiment of the present invention;

FIGS. 7(a) and 7(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric layer and a resilient
layer having a plurality of gas channels according to another
embodiment of the present invention;

FIGS. 8(a) and 8(b) 1llustrate cross sectional and top views
respectively of a clamp having a dielectric layer including a
plurality of protrusions according to another embodiment of
the present invention;

FIGS. 9(a) and 9(b) 1llustrate cross sectional and top views
respectively of a work piece clamp with raised surface geom-
etry according to another embodiment of the present mven-
tion;

FIGS. 10(a) and 10(d) 1llustrate cross sectional and top
views respectively of a clamp having a two-part electrode
according to another embodiment of the present invention;

FIG. 10(c¢) illustrates a feedback circuit for the workpiece
and the clamp for the embodiment shown 1 FIGS. 10(a) and
10(5);

FIGS. 11(a) and 11(b) illustrate cross sectional and top
views respectively of a clamp having a sleeve component
according to another embodiment of the present invention;
and

FI1G. 12 1llustrates a clamp having an interlocking electrode
according to another embodiment of the present invention.

DESCRIPTION OF THE INVENTION

According to the present invention, these objects and
advantages are achieved in the apparatus for electrostatic
clamping of workpieces as indicated in the following figures.

One embodiment of a clamp 10 1s shown 1n FIGS. 1(a) and
1(b) wherein the dielectric layer 1 may be comprised of
aluminum oxynitride and the 1nsulator layer 3 may be com-
prised ol alumina. The electrode 2 may be made of metal and
a support base 4 of aluminum. Cooling gas 1s distributed via
conventional cooling gas holes 1n the electrostatic clamp sur-
face. A workpiece may be electrostatically or mechamically
clamped to the clamping surface using known electrostatic or
mechanical clamping techniques. An electrostatic clamp 10
of such a design has been fabricated and tested in an 1on
implanter. Test results indicate that the aluminum oxynitride
can vield higher clamping force, lower gas leakage, lower
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particle levels and longer lifetime due to the material’s dura-
bility, along with a declamping time compatible with high
throughput 10n implantation applications.

An additional embodiment includes an msulator layer 3
comprised of aluminum oxynitride or like material such as
but not limited to alumina, sapphire, silicon carbide, alumi-
num nitride, diamond or material with properties similar to
aluminum oxynitride.

Furthermore, another embodiment consists of a dielectric
layer 1 of alumina, sapphire, silicon carbide, aluminum
nitride, diamond or material with properties similar to alumi-
num oxynitride. Aluminum oxynitride provides optimal ben-
efits 1n terms of both cost and functionality as compared to the
other materials.

An additional embodiment includes both the insulator and
dielectric comprised of aluminum oxynitride.

Another embodiment of a clamp 20 1s shown in FIGS. 2(a)
and 2(b) where the dielectric layer 11 1s comprised of center
section or resilient layer 5 of resilient material such as but not
limited to silicone rubber surrounded by an annular or dielec-
tric ring 11 comprised of aluminum oxynitride, alumina, sap-
phire, silicon carbide, aluminum nitride, diamond or any such
a material with properties similar to aluminum oxynitride.
The resilient layer 5 can have a filler material such as but not
limited to silicon dioxide, silicon nitride, titantum dioxide,
aluminum oxide, 1ron oxide or carbon black for enhancing
heat transter between semiconductor water and the electro-
static clamp 20. The annular ring 11 affords of an adequate
width so as not to atfect the testing for backside particles and
provides an elfective seal for cooling gas leakage into the
process chamber of an 1on implanter or such similar devices.
The resilient material layer 5 centrally located affords a
reduction 1n the generation of backside particle generation.

An alternate embodiment of a clamp 30 shown 1n FIGS.
3(a) and 3(b) comprises a dielectric layer 1 wherein there 1s a
recessed cavity to capture a resilient layer 51 such as but not
limited to silicone rubber surrounded by an annular or dielec-
tric ring 12 comprised of alumina, sapphire, silicon carbide,
aluminum nitride, diamond or any such a material with prop-
erties similar to aluminum oxynitride. The resilient layer 51
can have a filler material such as but not limited to silicon
dioxide, silicon nitride, titanium dioxide, aluminum oxide,
iron oxide or carbon black for enmhancing heat transfer
between semiconductor waler and electrostatic clamp 30.
The annular rnng 12 affords an adequate width so as not to
alfect the testing for backside particles and provides an effec-
tive seal for cooling gas leakage into the process chamber of
an 1on 1mplanter or such similar devices. The resilient mate-
rial 51 centrally located provides means to reduce the gen-
eration of particles. The structure provides a high withstand
voltage capability due the aluminum oxynitride dielectric.

A further embodiment of a clamp 40 shown 1n FIGS. 4(a)
and 4(b), as compared to the embodiment shown 1 FIGS.
2(a) and 2(b), comprises a resilient layer 52 with a filler
material such as but not limited to silicon dioxide, silicon
nitride, titanium dioxide, aluminum oxide, 1iron oxide or car-
bon black to enhance heat transfer between semiconductor
waler and eclamp. This 1s attached to the dielectric layer 1
comprised of aluminum oxynitride, alumina, sapphire, sili-
con carbide, aluminum nitride, diamond or any such a mate-
rial with properties similar to aluminum oxynitride. The resil-
ient material layer 52 provides means to reduce the generation
of particles. The dielectric layer 1 of aluminum oxynitride
provides a high withstand voltage capability.

Shown in FIGS. 5(a) and 5(b) 1s an embodiment of a clamp
50 wherein the dielectric layer 15 1s comprised of aluminum
oxynitride, alumina, sapphire, silicon carbide, aluminum
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nitride, diamond or any such a material with properties simi-
lar to aluminum oxynitride and exhibits vertical protrusions
62 on top of which is a resilient layer 55 of resilient material
such as but not limited to silicone rubber. The resilient layer
55 can have a filler material such as but not limited to silicon
dioxide, silicon nitride, titanium dioxide, aluminum oxide,
iron oxide or carbon black for enhancing heat transfer
between semiconductor wafer and electrostatic clamp 0.
The geometric dimensions and multiple placement of the
protrusions 62 contribute to clamping force; distribution of
cooling gas and heat transier between the semiconductor
waler and the clamp 50; voltage withstand characteristics;
particle generation and mechanical support of the work piece.

The embodiment of FIGS. 6(a) and 6(b) of a clamp 60
includes a dielectric layer 1 comprised of aluminum oxyni-
tride, alumina, sapphire, silicon carbide, aluminum nitride,
diamond or any such a material with properties similar to
aluminum oxynitride and exhibits vertical protrusions 64 on
top of which 1s a resilient layer 57 of resilient material such as

but not limited to silicone rubber. The resilient layer 57 can
have afiller material such as but not limited to silicon dioxide,
silicon nitride, titanium dioxide, aluminum oxide, iron oxide
or carbon black for enhancing heat transfer between semicon-
ductor water and electrostatic clamp 64. The width, height,
multiple placement and geometry of the protrusions 64 are
dependent upon the requirements for clamping force; distri-
bution of cooling gas, heat transfer between semiconductor
waler and eclamp; voltage withstand characteristics; particle
generation; and mechanical support of the work piece. In
addition, the annular ring 57 comprised of resilient material
such as but not limited to silicone rubber wherein the resilient
material may or may not be enhanced with additives, as
described previously, for transier of heat energy between
semiconductor waler and the clamp 60. The annular ring 57 1s
of adequate width depending upon the requirements for back-
side particles and effective sealing against leaking cooling
gas.

Another embodiment of a clamp 70 1s 1llustrated 1n FIGS.
7(a) and 7(b) employs a dielectric layer 18 whose material 1s
comprised of aluminum oxynitride, alumina, sapphire, sili-
con carbide, aluminum nitride, diamond or any such a mate-
rial with properties similar to aluminum oxynitride; and with
an engineered cooling gas distribution system including a
center gas supply 70 having gas channels 72 are not neces-
sarily of consistent uniform cross-section, but may include, as
required, transitional regions of non-uniform cross-section in
order to facilitate the transfer of heat energy between semi-
conductor wafer and the clamp 70. The depth, width, location
and number of the gas channels 72 are dependent upon the
type of cooling gas and the requirements to adequately cool
the water during the implant process.

The embodiment of a clamp 80 1n FIGS. 8(a) and 8(b)
includes a dielectric layer 19 comprised of aluminum oxyni-
tride, alumina, sapphire, silicon carbide, aluminum nitride,
diamond or any such a material with properties similar to
aluminum oxynitride and exhibits vertical protrusions 66 of
resilient material such as but not limited to silicone rubber in
dielectric layer 19, although the protrusions could be on top of
dielectric layer 19. The width, height, placement and geom-
ctry of the protrusions 66 are dependent upon the require-
ments for clamping force; distribution of cooling gas, heat
transier between semiconductor water and clamp 80; voltage
withstand characteristics; particle generation; and mechani-
cal support of the work piece.

An embodiment of a clamp 90 shown 1n FIGS. 9(a) and
9(b) 1ncludes a dielectric layer 92 and an insulator layer 96
which may be comprised of alumina. The dielectric layer 92
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may contain araised surface geometry or embossments 93 for
improving cooling gas pressure uniformity. An electrode 94
may be made of metal and a support base 98 may be made of
aluminum. Cooling gas may be distributed via conventional
cooling gas holes 1n the surface of the clamp 90. A workpiece
91 may be electrostatically or mechanically clamped to the
clamping surface using known electrostatic or mechanical
clamping techniques. Test results for electrostatic clamps
according to the present embodiment indicate that the
embossments 93 provide lower gas leakage, lower particle
levels, improved heat transfer and longer lifetime of the
clamp due to lower contact area with the workpiece, uniform
cooling gas layer and durability of the material for ion
implantation applications. The dielectric layer 92 may com-
prise alumina or like materials such as but not limited to
sapphire, silicon carbide, aluminum nitride, diamond or
materials with similar properties. Similarly, the insulator
layer 96 may comprise alumina or like materials such as but
not limited to sapphire, silicon carbide, aluminum nitride,
diamond or materials with similar properties.

Another embodiment of a clamp 100 1s shown 1n FIGS.
10(a) and 10(b) where a diclectric layer 102 comprises an
outer ring 103 and a center cavity 104. A workpiece 101 may
be placed on the clamp 100 so that only the outer ring 103 1s
contacted. A center electrode 105 1s configured with an outer
ring electrode 106 connected to a first power supply 150 and
the center electrode 105 connected to a second power supply
156. Cooling gas 1s provided to the clamp 100 by a gas supply
152. The position of the workpiece 101 1s detected by a gap
sensor 154 which 1s connected 1n a feedback circuit with the
center electrode 105 and the second power supply 156 as
shown 1 FIG. 10(c). The attractive force on the workpiece
101 provided by the center electrode 105 1s adjusted propor-
tional to the workpiece gap by adjusting the second power
supply 156 to balance the repulsive force provided by the
cooling gas from the gas supply 152. In the present embodi-
ment, no contact 1s provided between the workpiece 101 and
the dielectric layer 102 within the center cavity 104. There-
fore, areduction in particle contamination on the basckside of
the workopiece 101 1s realized.

Another embodiment of a clamp 110 1s shown in FIGS.
11(a) and 11(b) where an insulator 116 1s connected to a base
118 with a thin wall sleeve 117. A workpiece 111 may be
placed on a dielectric layer 112 of the clamp 110 with an
clectrode 114 positioned between the dielectric layer 112 and
the msulator 116. In the present embodiment, the thermal
expansion oi the insulator 116, the dielectric layer 112 and the
base 118 occur at different rates due to their individual prop-
erties without causing bowing of their surfaces, which may be
called a “bimetallic: efftect, because the sleeve 117 distorts
radially. The bowing of the dielectric 112 causes non-uniform
ion 1mplantation especially at non-perpendicular implant
angles and the clamp 110 of the present embodiment reduces
bowing of the dielectric 112 and improves the implantation
uniformity.

Another embodiment of a clamp 120 1s shown in FIG. 12
where the electrode sections 122, 124, 126, 128, 130 and 132
are interdigitated. The opposite electrode sections for each
clectrode pair 122 and 128, 124 and 130, and 126 and 132 are
clectrically charged with alternating current (time shifted,
opposite polarity) so that the workpieces disposed on the
clamp 120 may be attracted to a dielectric of the clamp 120.
The alternating current allows rapid release of the workpiece
when the electricity 1s shut off which 1s desirable for high
throughput 10on 1mplanters. The narrow, iterdigitated elec-
trode sections 122-132 limit the span of the workpiece which
loses 1ts attractive force when the alternating current electric-
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ity changes polarity on adjacent electrode sections. The small
span ol electrode sections 122-132 limits the workpiece
deflection caused by the cooling gas pressure. This limits the
relative motion between the workpiece and the surface of the
dielectric so that the generation of particulate contamination
of the workpiece 1s minimized

Many modifications and variations may become apparent

in light of the above teachings. Many additional changes 1n
the details, materials, and arrangement of parts, herein
described and illustrated, can be made by those skilled 1n the
art. Accordingly, 1t will be understood that the present mnven-
tion 1s not to be limited to the embodiments disclosed herein,
can include practices otherwise than specifically described,
and are to be interpreted as broadly as allowed under the law.

What 1s claimed 1s:

1. An apparatus for clamping a semiconductor workpiece,

comprising;

a support base;

an 1sulator layer disposed on the support base;

an electrode layer disposed on the msulator layer;

a clamping layer disposed on the electrode layer compris-
ing a dielectric layer and a resilient material layer, the
dielectric layer defining an outer annular ring and a
recessed cavity within the outer annular ring wherein the
dielectric layer defines a plurality of protrusions extend-
ing from a bottom surface of the recessed cavity and the
resilient material layer being formed on predetermined
ones of the protrusions to extend from the bottom sur-
face of the recessed cavity to a predetermined height,
and wherein the workpiece 1s clamped to the surface of
the clamping layer.

2. An apparatus according to claim 1, wherein the work-

piece 1s electrostatically clamped to the clamping layer.

3. An apparatus according to claim 1, wherein the work-

piece 1s mechanically clamped to the clamping layer.

4. An apparatus according to claim 1, wherein the support

base comprises aluminum.

5. An apparatus according to claim 1, wherein the insulator

layer comprises alumina, sapphire, silicon carbide, aluminum
nitride, or diamond.
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6. An apparatus according to claim 1, wherein the electrode
layer comprises metal.

7. An apparatus according to claim 1, wherein the work-
pileee comprises a semiconductor water.

8. An apparatus according to claim 1, wherein the dielectric
layer comprises alumina, sapphire, silicon carbide, aluminum
nitride, or diamond.

9. An apparatus according to claim 1, wherein the resilient
material layer comprises silicone rubber and a filler material
of silicon dioxide, silicon nitride, titanium dioxide, aluminum
oxide , 1ron oxide or carbon black.

10. An apparatus according to claim 1, wherein the clamp-
ing layer comprises the dielectric layer and the resilient mate-
rial layer disposed on the surtace of the dielectric layer.

11. An apparatus according to claim 1, wherein the resilient
matenal layer 1s formed on each of the protrusions.

12. An apparatus according to claim 1, wherein the resilient
material layer 1s formed on the protrusions of the clamping
layer excluding the outer annular ring thereof wherein the
dielectric material on the outer annular ring extends to
approximately the same height as the height of the resilient
material layer on the protrusions.

13. An apparatus according to claim 1, wherein the dielec-
tric layer comprises a plurality of embossments.

14. An apparatus according to claim 1, wherein the dielec-
tric layer comprises the outer annular ring for contacting the
workpiece and the center recessed cavity within the outer
annular ring.

15. An apparatus according to claim 1, further comprising
a thin wall sleeve between the support base and the dielectric
layer.

16. An apparatus according to claim 1, wherein the elec-
trode layer comprises a plurality of interdigitated electrode
pairs.

17. An apparatus according to claim 16, further comprising
an alternating current source connected to the interdigitated
clectrodes pairs such that opposite ones of the electrode pairs
are supplied with alternating current.
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